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Abstract: Based on the numerical calculation of 3-D potential distribution in aluminum reduction cells, current dis-

tribution in the metal pad is calculated under the following conditions: 1) pot ledge ideally formed; 2) ledge exten-

sion to below anode; 3) different metal heights; 4) AC and 5) Spike. It is found that J, in metal pad increases first

to a highest point and then decreases along anode length. At normal status, the largest J, is about 0.4 A/ em” and it

locates at about 2/3 of anode length. With longer ledge, the maximum value of J, decreases and its position moves

centerward. The longer the side ledge, the larger the negative current flowing centerward at side channel. J. in

metal pad increases with anode length and it is not affected by metal height; while J, increases with metal height. At

AC, current flows toward metal under new anode. At spike, current concentrates at spike rather than evenly dis-

tributes. Normally, J. is almost negligible in metal pad.
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1 INTRODUCTION

It is troublesome to have a larger horizontal
current fraction in the metal pad of aluminum re
duction cells, because it acts with vertical magnetic
field fraction B. to produce a driving force which
causes flowing, waving and instability of the met-
al. Therefore, current distribution in metal has al-
ways been the research topic of aluminum experts.

[1]

Tarapore' ' determined the horizontal current in

the metal by measuring the current in steel collec
tor bars. Arita et al' and Robl” studied the
effects of side ledges on horizontal current in metal
pad. It was found that longer ledges cause larger
inward flowing currents in metal pad. Fraser et
al'¥ and ElFdemerdash et al'” calculated the cur-
rent density of different metal layers under differ-
ent ledge lengths. Zoric et al'® ever studied the
current distribution in prebake anodes and its rela-
tionship with anode shape. MEI et al'”” * calculated
the current distribution in metal pad by second
bound method and presented in detail the current
distribution in every part of reduction cell especial-
ly under normal cell status. LI et al'™'” solved the
potential field of the cell by commercial software
ANSYS and got the current distribution in the
metal as well as in anodes and further studied cell
thermal field. LI et al''! ever studied the potential
field of cell cathode with their own software. LIU
et al''” calculated the current distribution of a

drained cathode cell with ANSYS. FENG et al'"

and QI et al''""" also studied cell current distribu-
tion and proposed their ideas for anode design.
However, up to now, few reports have been found
for the study of the effects of metal height, ledge
length and anode change on vertical and horizontal
current pattern in the metal. These studies should
be very helpful for understanding the effects of
these factors on cell operation and taking necessary
actions to minimize their negative influences.

In this paper, definite difference method is
adopted to calculate the 3-D potential field of the
whole cell first and then the current distributions
under such conditions as normal cell status, AC,
different metal height, long ledge and spike are
gotten. All the calculations are on 190 kA cell.
The structure and process parameters of 190 kA
cell are listed in Table 1.

2 MATHEMATICAL MODEL AND CALCULA-
TION METHOD

The governing equation for potential field is
expressed as follows:

vead =0 (1)
where O is electric conductivity, V is potential.
Differentially, equation (1) represents one energy
balance. Therefore, its differential equations can
be derived according to energy balance. Based on
Kirhoff Law, the algebraic sum of all the current
fractions entering into governing volume P ( the
central volume) is zero, i.e.,
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Table 1 Structure and process
parameters of 190 kA cell

Side carbon Cavity Side channel Steel
block/ mm depth/ mm width/ mm collector bar
65 mm X
125 460 350 200 mm
Cél.cmm Alumina/ Insulating Refractory Cathode
silicate . . block/
mm brick brick
board/ mm mm
65 25 65 mmX 65 mm X 450(H)
2 mm 2 mm
Potline Cell  Anode current Bath Current
current/  voltage/ density/ mole efficiency/
kA \4 (A< cem?) ration Y%
2.3°
190 4.03 0.72 )4 ~92.5

Tivjow+ Tuv s+ Tijor e+

Lijwve+ Lijowr+ Iijw1= 0 (2)
Governing volumes and their relationships are
shown in Fig. 1. W —FE direction is designated as
X-direction with E as positive direction, S —N as
Y-direction with V as positive direction. A ccording
to Right-hand Law, H —L will be Z-direction with
H as positive direction. The current entering into
governing volume P from governing volume W can
be expressed by Ohm Law:

Tivjr= (Vivjr—= Vije)/Rivj (3)
where Vi1, rand Vi i are the potentials at the
nodes at the centers of governing volumes W and
P. Ri 1, « is the resistance between governing
volume W and P and it consists of two compo-
nents: the Ohm resistances (R.) of the neighbor-
ing two volumes and the contact resistance ( R.)
between them.

Here R,. i1 is expressed as follows:

Rovi= 2MXin * (Qujnt Bju)/((AYjior +

AYjr) * (Mii1+ Mi)) (4)

R. i-1 is calculated by the following equation:

R(., -1 = 49 L;1/((AY];1 e AY]‘+1) °

(AZik1+ AMia)) (5)
H
» N
r/ E
w
P, j, k)
Contact faces
Ay

L

Fig. 1 Governing volumes and their relationships

where (-1 ;. & is the resistivity of governing vol-
ume W, sois @ ;. » for volume P. P, i1 is the con-
tact resistivity between volumes W and P. AX,
AY and AZ are the corresponding sizes of the vol-
umes in three directions. Hence, the total resist-
ance between volumes W and P is
Riv= ((2MXin * (Rvjn+ Riw))+
4Q. 1)/ ((AYjoi+ AYj) ©
(A1 + NMip1)) (6)
As resistivity i1s a function of temperature,
2-D electro-thermal field of reduction cell is simula-
ted with software provided by Ref. [ 13] to deter-
mine the temperature distribution which in turn is
used for resistivity calculation. All the data of re-
sistivities and heat conductivities of all the lining
materials are from Ref. [ 13] too.
Similarly, currents entering into governing
volume P from governing volumes E, S, N, H
and L can also be expressed by Ohm Law as fol-

lows:
Tivjoo= (Viurje— Vijs)/Rurj & (7)
Lijvie= (Vijpue= Vijs)/Rij1 & (8)
Lijwinie= (Vigrie— Vijie)/Rijr s (9)

Lijore1= (Vijwe1— Vije)/Rij i1 (10)

Lijowi= (Vijwi— Viji)/Rij w1 (11)
where W, E, N, S, H and L represent the
West, East, North, South, High and Low vol-
umes respectively. Corresponding resistances are
calculated with equation (6).

Introduce equations (7), (8), (9), (10),
(11) and (12) into equation (2) and make some
treatment, equation (12) is gotten:

Viiw/Rijv— Vi, w/Ricv, j x—

Vier,j, 6/ Rt j,o— Vi jor, W/ Ri j=1, 1k —

Viwt, o/ Rijor, o= Vij=1t/Rij, e1—

Vijiwt/Rijw1=10 (12)
where

/R j, r= 1/Riev, j, ++ 1/Riv1 j, v+ /Ry j-1, 3+

/Ri js1. v+ VRij. w1+ I/Rij w1 (13)

Equation ( 12) is the discrete equation of any
node inside the calculation system. Consequently,
all the discrete equations can be obtained for all the
nodes and one equation group is formed. By sol-
ving the equation group, we can get the potential
distribution of the calculation system. As current
density is the negative gradient of potential, cur
rent densities inside each unit can be calculated eas-

ily with equations (14), (15) and (16):

]___]_.azz__]_VL#lik—Vi—lik
T R Ox Q Ax

14)
J___L_Q‘ﬁz__LVfiuk—Vm;]k
T Q 5y Q Ay

(15)
J___L,ka__LV;;A-H—V;;H
T R 0z QR Az
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where J is the current density, V is the poten-
tial, and P is the added resistivity of the three
neighboring volumes in the same direction.

3 CALCULATION SYSTEM AND BOUNDARY
CONDITIONS

For the 190 kA cell in problem, there are 36
cathodes and 28 anode assemblies. To keep the
continuity of boundary conditions and the accuracy
of calculation, a whole cell is chosen as the object
of study. Suppose that all the 28 anodes equally
share 1/28 of the total current and all 4 pins on one
anode equally divide the current flowing through
one anode. Hence, the current densities of the 4
pins on surface T' are the same. Other areas on sur

face T are electrically isolated, as shown in Fig. 2.
VA

T
IR N NN (I B

O(cell center)

Fig. 2 Diagram of calculation system and
boundary conditions

M eanw hile, suppose that all the 36 cathodes
equally share the total current and the two bars e
qually divide the current flowing through one cath-
ode. Therefore, for all the steel collector bars, the
current densities at the bar ends( surface () are the
same. The origin point of the calculation system is
located at the horizontal center of the cathode
block bottom. X points to the length direction of
the cell, Y parallels to the potline current, Z dr
rects vertical up. X, Y and Z fulfill Right-hand

Law.
4 RESULTS AND DISCUSSION

Current distributions in metal pad are calculat-
ed under conditions of normal cell status, long
ledge, AC, different metal height and spike.

4.1 J, in metal pad
4.1.1 Normal cell conditions ( zero ledge length)
Current density (J,) is shown in Fig. 3 and J
distribution in Y- Z plane is shown in Fig. 4.
It is shown from Fig. 3 and Fig. 4 that in the
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Fig. 3 J, in metal pad along Y axis
under normal conditions
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Fig.4 J distribution in Y- Z plane

metal layer (the highest metal layer) next to bath,
there is small negative current at cell center, i.e.,
small current flows centerward. With the lower
ing of metal layers, the negative current density
disappears gradually. This indicates that the hori-
zontal current turns to flow sideward, which is
embodied by positive current densities. M ean-
while, in the metal layers under anodes, the var
ying tendencies of current densities are very simi-
lar: all of them gradually increase to a maximum
point fall down to zero. However, on the right
side (outside) of anodes, the varying tendencies of
current densities are somew hat different. Between
anode edge and cell ledge (in side channel), cur
rent densities are negative, i.e., current flows in-
ward. It can also be seen in Fig. 4. This verifies
that part of the current flows outward from anodes
into bath and then into metal where it flows along
the internakarc surface of the ledge and finally con-
verges to cathode surface. Hence, negative current
density appears. Moreover, below half length of
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the anodes, current density increases with anode
length, then decreases. It may be determined by
the flowing patterns of current in aluminum reduc
tion cell: current flows out of anodes into bath ver-
tically (almost) and then into metal where it con-
verges into cathodes and out of the cell from collec
tor bars on cell sides. It is certain that the more
the current flows toward cell side, the more
verticaloriented the current in metal pad and the
less horizontaloriented. Hence a maximum point
will appear and the biggest current density is about

0.4 A/em’.
the length of anode as well as ledge profile. In this

As to its position, it is dependent on

case, the highest point occurs at about 2/3 of an-
ode length from cell center.
4.1.2 Ledge extends to below anodes
J, and J distribution in Y- Z plane with lon-
ger (200 mm) ledges are shown in Fig. 5 and Fig. 6
respectively.
From Fig. 5,

difference from case 4. 1. 1 is a smaller maximum

it can be seen that the first

current density and its corresponding Y-position
moves centerward: the biggest current density de-
creases to about 0.25 A/ cm” and its position occurs
at about 1/2 of anode length from cell center. The
second difference is a bigger negative current den-
sity. This is certainly the result of a longer ledge
forcing current to flow a longer reversal way as
shown in Fig. 6. In the meantime, except for the
metal layer next to cathode, the lower the metal
layer, the bigger the negative current density will
be, because with the lowering of metal layer, more
and more reversal current converges to ledge s in-
side edges.
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Ym

Fig.5 . in metal pad while
ledge extends to below anodes

4.2 J; in metal pad

J: tendency in metal pad along Y-direction is
shown in Fig. 7.

It can be seen from Fig. 7 that with the lower-
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Fig. 6 J distribution in Y- Z plane
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Fig.7 J. in metal pad under normal conditions
ing of metal layers, J. increases with cathode
length. J. varies between about — 0. 1 A/cm” and
- 0.5A/cm’.
ing patterns of current inside the cell. However,
for J. in the layer next to cathode, it increases
sharply with cathode length. This is the result of
top cathode layer’ s influences on the current densi

This is also determined by the flow-

ty in metal pad.

4.3 Current density in metal pad under different
metal heights

To study the influences of metal height on
current density distribution in metal pad, cases of
metal height of 140 mm and 200 mm are studied re-
spectively. For the same layers ( same height from
cell bottom) under the two different metal height,
their current density tendencies are shown in
Fig. 8, Fig.9 and Fig. 10, respectively.

It can be seen from Fig. 8 that in the same
metal layer, the lower the metal height, the bigger
the J, will be. This can also be seen from Fig. 10,
in which current vectors are more horizontak
oriented than those in Fig. 4 ( metal height of 200
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Fig. 10 J distribution in Y- Z plane with
metal height of 140 mm

mm). So, a lower metal height will cause bigger
horizontal current in metal pad than that with a
higher metal height. However, Fig. 9 shows that
J: has almost nothing to do with metal height. J.
increases outwards, which just coincides with

those in Fig. 7.

4.4 Current density in metal pad with anode
change (AC)

Anode change is one of the regular cell opera
tions which often causes cell instability. To study
the influences of anode change on current distribu-
tion, typically, current density field in metal pad is
calculated while a corner anode is replaced. Here,
suppose there is no current flowing through the
newly changed anode. J distributions in X - Z and
X - Y planes are shown in Fig. 11 and Fig. 12, re-

spectively.
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Fig. 11 J distribution in X — Z plane with AC

(Two corner anodes width)

1.6 = B B0 - R
z PRI E
~ -~ o Pr2reeer ~ .
%% St
77 iR
12+ 7 / A A A
A
i ||
d /_;J 7 Z ﬁf/ﬂ//rnr " 1
g W i IR ettt 1
= 2 AP A A A FrILIIIIRIII S § A
08T ﬁ,,” 4 ﬁ 77 et 4o
oy 7 o PArrr22Esrt t 11
s i
Fd o LSS A TLEILEN ! ] 1
” o Lol IFLERIIIPYT ) A
- rmrprrsr s v 4
z & peseoserins b
04F = Z it b
e A

ot s
; - = Sl

4.0 4.5 5.0 55 6.0

X/m

Fig. 12 J distribution in X - Y plane with AC

(Two anodes width)

It is shown in Fig. 11 and Fig. 12 that because
of AC, current distribution changes a lot in the
whole metal: current tends to flow toward the
metal under the newly changed anode. Hence, big-
ger horizontal current is triggered. While J distri-
butions in the same X - Z and X — Y planes under
normal conditions are shown in Fig. 13 and Fig. 14
respectively with the same two corner width. Com-
pared with Fig. 11 and Fig. 12, current distribu-
tions under normal status are obviously different,
in which current vectors usually parallel to coordi-
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nate axis in metal pad (J. is negligible). To reduce
the influences of anode change on cell operation,
some methods, such as raising anode cathode dis-
tance (ACD), are usually taken to offset them as
supported by the result of case 4. 3.
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Fig. 13 J distribution in X - Z plane
under normal condition
(Two corner anodes)
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Fig. 14 J distribution in X - Y plane

4.5 Current density in metal pad with anode spikes

Anode spikes seriously influence cell opera
tions. Here current density distribution is studied
with spike (300 mm X 300 mm X 25 mm) on one an-
ode. J distributions in X - Y and Y- Z planes are
shown in Fig. 15 and Fig. 16 respectively. It can be
seen from Fig. 15 and Fig. 16 that when there is an
anode spike, the even current distribution is se-
verely disturbed. More currents gather at spike
and flow through it rather than evenly distribute
on all anodes. This will surely cause operation un-
certainties and even hot cell if it is not treated in
time.
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Fig. 15 J distribution in X - Y plane with

anode spike
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Fig. 16 J distribution in Y- Z plane with

anode spike

S CONCLUSIONS

1) In the metal pad, J, increases along anode
length outward to a maximum and then decreases.
A reversal current appears at the side of the cell.
With the lowering of metal layers, J, increases a
little.

2) The longer the ledge length, the smaller
the maximum of J, and its corresponding Y-posi-
tion moves centerward. Meanwhile, the longer
the ledge and the lower the metal layers, the big-
ger the reversal current density will be.

3) J: in metal pad increases along anode
length outward, but it is not affected by metal
height. J, increases with higher metal height. Un-
der normal cell conditions, J. can be neglected.

4) While at AC, current flows towards the
metal under the newly replaced anode. Hence,
bigger horizontal current will be triggered.

5) With anode spike, more currents flow out



Vol 15

Ne 4

Numerical simulation of current distribution in metal pad of aluminum reduction cells

© 037 =

of anode and into metal at spike rather than evenly

distribute under normal condition.
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